Summary of the singular value decomposition (SVD) method of analysis of multi-wavelength spectroscopic data sets
Some key features of SVD analysis are briefly summarized below. The reader is referred to reference S1 for a comprehensive review of the SVD method and to reference S2 for an application of SVD analysis to detection of spectroscopic intermediates in polynucletodide melting.
Spectrophotometric titration data such as those shown in Figures 2 and S1 or kinetic data such as that in Figures 4, S5 and S6 can be arranged in matrix form. One arrangement is to have absorbance values measured at discrete wavelengths in columns (wavelength vectors) and ligand concentrations or times are arranged in rows (concentration or time vectors). Thus each element A i,j of the data matrix A corresponds to an absorbance value determined at ligand concentration i or time i and wavelength j. A can be decomposed into the product of three matrices such that A = USV T , where V T is the transform of matrix V, S is a diagonal matrix that contains the relative weights of the signals contributing to the spectra and V contains information related to the relative concentrations of the spectroscopically distinct species as a function of ligand concentration or time. The product matrix US defines basis spectra that reflect the relative weights of the component absorption spectra. It is generally noted that the vectors in US do not represent the actual absorption spectra of the individual components. The true absorption spectra of the components can be determined by least-squares fitting the data matrix to an analytical expression corresponding to a specific chemical mechanism or model reaction. A second important characteristic of the SVD method is that it allows construction of a smoothed data matrix A' with reduced noise from the expression A' = USV T by including only significant (non-noise) elements of S.
The relative significance of the spectroscopically distinct species can be assessed by several criteria including: (a) the relative magnitudes of successive singular values in S; (b) the non-random wavelength dependence of the US matrix elements (e.g. similarity to absorption spectra); (c) the concentration dependence of the V matrix elements (e.g. similarity to a titration or kinetic progress curve); and (d) a positive value of the autocorrelation coefficients of successive U and V matrix elements that approach the theoretical maximum value of +1 for fully correlated elements of the matrix. Our criteria for significance in the cation titrations is a value of the autocorrelation coefficient C i [V] > 0.5. and S1, exhibiting pronounced differences at ~295 nm and ~270 nm. The relative weights of species 2 and 3 as indicated by their singular values (Table S1) is generally small (<10%), suggesting that either these species are present in small concentration and/or that their UV absorption spectra differ only slightly from that of the unfolded oligonucleotide. The basis spectra for these less significant species have shapes that suggest only slight differences in the UV absorption by these species compared to the fully unfolded oligonucleotides.
SVD analysis of titration data
The dependence of the V coefficients on cation concentration (which resembles titration curves) indicates the relative amplitudes and concentration profiles of the significant species during the titration. The sequential nature of the three curves suggests that these species are true titration intermediates whose concentrations change during the titration as they are interconverted, e.g. the less significant components tend to appear earlier in the titration with component 2 (red curves in Figures S3-S5) preceding component 3 (blue curves).
Based on the V autocorrelation coefficients summarized in Table S1 , we suggest that three intermediate species are required to represent the titration data for K + driven folding of ODN1 and ODN2 as well as Na + -dependent folding of ODN2. Based on this criterion, evidence of two intermediates is apparent for Na + -driven folding of ODN1 as well as folding of ODN3 in the presence of either cation.
SVD analysis of kinetic data
The SVD analysis of the kinetic progress curves is not reproduced here because the least squares fitting procedures outlined in the published manuscript suffice to indicate the analytical basis for number of kinetically important species and their difference spectra with respect to the folded oligonucleotides (see e.g. Figures 5 and S7 ). Figure S7 . Comparison of absorbance changes associated with cation-dependent Gquadruplex folding as determined by equilibrium titrations (black lines) and by global fitting of the kinetic data to single (K + ) and consecutive triple (Na + ) exponentials using the program Specfit32. The difference spectra were derived from the data sets in Figures  S5 and S6 . 
